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ABSTRACT Stomach contents analyses showed that Leiostomusxanthurus (8.50-12.90 mm SL) had a wide trophic 
spectrum (15 food categories) with copepods and eggs of invertebrates as main components. In contrast, 
Micropogonias undulutus (6.65-12.20 mm SL) ingested only six food categories (copepods, eggs of invertebrates, 
crustacean nauplii, bamacle nauplii, amphipods and other crustaceans). There is an overlap of 73.2 to 83.0% in 
the diet of these two species. Bairdiella chrysoura (1.17-1.92 mm SL) fed primarily on juvenile pelecypods, 
crustacean nauplii, eggs of invertebrates, including gasteropods and copepods. Cynoscion nebulosus (1.50-2.42 
mm SL) ingested juvenile pelecypods, copepods, crustacean nauplii, eggs of invertebrates and tintinnids, 
variability in overlap (47.4 to 79.5%) between these species was affected by size of the larvae. 
INTRODUCTION 
Species of the family sciaenidae are abundant on 
sandy-muddy bottoms of shallow tropical and subtropical 
seas (Castro-Aguirre 1978). Most sciaenids spawn at sea 
and their larvae enter estuarine-lagoon systems which 
provide nursery habitat for postlarval and juvenile life 
stages (Chao and Musick 1977; Powles 1981; Shlossman 
and Chittenden 1981; Taniguchi 1981; Holt et al. 1981; 
Govoni et al. 1983; Cowan and Shaw 1988; Ditty et al. 
1988; Hook 1991). Cynoscion nebulosus, C. arenarius, 
C. regalis, Sciaenops ocellatus, Pogonias cromis, 
Micropogonias undulatus and Leiostomus xanthurus 
support important commercial and recreational resources 
along the Atlantic coast of the United States and the 
northern coast of the Gulf of Mexico (Ditty 1989). 
Sciaenid fishes also constitute a fishery in the coastal 
lagoons of the southern Gulf of Mexico, with the two 
most important species being Bairdiella chrysoura and 
C. nebulosus (Resendez-Medina 1970, 1973, 1981). 
Studies of sciaenid larvae in the southern Gulf of 
Mexico have been conducted primarily in Laguna de 
Tdrminos, Campeche and the adjacent coastal zone. 
Shchez-Iturbe and Flores-Coto (1986) measured some 
population parameters of B. chrysoura larvae, and estimated 
the adult biomass using the annual production of eggs. 
Flores-Cot0 and Perez-Argudin (199 1) analyzed tidal effects 
on the passage of sciaenid larvae through Boca del Carmen 
in this lagoon, and Rivera-Elizalde (1988) studied the 
distribution and abundance of sciaenid larvae in the coastal 
zone of southern Gulf of Mexico. 
Our study, which was conducted in Laguna de 
Tampamachoco, Veracruz and Laguna Madre, Tamaulipas, 
compared diet of sciaenid larvae and analyze dietary overlap. 
Little is known about the early life history of sciaenids in these 
two lagoons. 
Study area 
The Laguna Madre (Figure 1) is located in northern 
Tamaulipas, a Mexican state that borders Texas. The study 
area within this lagoon lies between the area a€€ected by the 
Rio San Fernando and the area between Boca de Catan and 
Punta Piedras. This lagoon, which is 41.5 km long and up 
to 14.3 km wide, hasapproximately nine other inlets, some 
of which are closed and some which are openedby dredging 
or by meteorological effects. 
The Laguna de Tampamachoco (Figure 1) is located in 
northern Veracruz, a state that borders Tamaulipas. This 
lagoon, which is 1 1 .O km long and up to 1.3 km wide, is 
separated from the sea by the Barra Norte de Tuxpan. To 
the north, it has two water-links, one with Laguna de 
Tamiahua through a channel and another with the sea 
through Boca de Galindo, and to the south it is joined with 
the Rio Tuxpan by a channel. 
MATERIALS AND METHODS 
Zooplankton was sampled at nine stations in the 
Laguna de Tampamachoco during November 1987 and 
February, June and August 1988, and at eleven stations in 
the Laguna Madre during September and December 1989, 
and February and April 1990 (Figure 1). Samples were 
collected with a 505 pm mesh zooplankton net at both 
lagoons, additionally a 250 pm mesh net was also used in 
Laguna de Tampamachoco, in order to obtain a larger 
quantity of organisms. Both nets had a 50 cm diameter 
opening and were equippedwith a flowmeter. Tows, which 
followed a circular track, were taken at the surface for a 
duration of 5 minutes. Samples were preserved in a 4% 
formaldehyde solution neutralized with sodium borate. 
Measurements of larvae included standard length (SL), 
head length (HL), and length of both the upper a d  lower 
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Figure 1. Study area and sampling stations. Laguna de Tampamacboco, Veracruz and Laguna Madre, Tamaltlipas, 
Mexico. 
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jaws. The digestive tract was dissected and the contents 
were identified down to the lowest possible taxon using a 
wet chamber to obtain the number and type of prey 
ingested. Prey were measured for width. The index of 
relative importance (IRI) proposedby George and Hadley 
(1979) andmodifiedby Towsend (1983) was calculated as 
follows: 
lOOX 
D ma= 
Ex. 
a=l 
where IMa = Index of relative importance for food item a, 
Xa = % frequency of OcCutTence + % total number for food 
item a, and n = total number of different food item found 
in the larvae from that sample. 
The Schoener's index (1970) was used to evaluate 
diet overlap with values from 0 (no overlap) to 100 (total 
overlap): 
1 n a = 100 1-0.5 /Px,-Pyl/ I i=l 
where a = Index of averlap, Px, = proportion (percent by 
number) of food category i in the diet of species x, el= 
proportion (percent by number) of food category i in the 
diet of species y, and n = the number of food categories. 
The size of the mouth was measured using indices 
proposed by Shirota (1 970) and Chao and Musick (1977) 
as follows: 
where D = mouth size (Shirota 1970), and AB = length 
of upper jaw. 
RMS= u j .  &i - 
h 
where RMS = relative mouth size (Chao and Musick 
1977), uj = length of the upper jaw, lj = length of the 
lower jaw, and h = head length. 
RESULTS AM) DISCUSSION 
Stomach contents of 35 L. xanthurus larvae from 
Laguna Madre were analyzed for larvae that measured 
from 8.50 to 12.20 mm SL. Larvae were collected between 
1330 and 1410 hrs in December 1989 and at 1230 hrs in 
February 1990. Leiostomusxunthurus larvae fed on eleven 
Merent prey types. Copepods were the maindiet component 
in December, and values of IRI ranged h m  56.7 to 90.7% 
(Table 1). Sizes of copepods ingested ranged between 80 
and 360 pm 6 = 207; SD= 49) andbetween60 and320 pm 
(E = 148; SD = 55)  in lyo Merent sample stations. The 
number of copepods per fish at this time of the year ranged 
from 14 to 27 (Table 2). This is lower than that reported by 
Kjelson et al. (1975) in the Newport River Estuary where 
larvae had 21.3 to 26.3 copepoddfish in their digestive 
tubes with a maximum of 36.5 copqoddfish at 1200 hrs. 
Kjelson et al. (1975) reported that this species had the 
highest food content in their digestive tracts during daylight 
hours, which has been observed in many marine fish larvae 
whichare visualf&rs(Hunter 1981). Copepodsdecreased 
in number in February (IRI=37SYo) (Table 1) to five 
copepoddfish and at the same time increased in size from 
220 to 400 pm ( j?  =3 14; SD=50) (Table 2). The numerically 
dom&t prey at this time of the year were non-identifed 
eggs of invertebrates (46.2%) (Table 1). 
Thirteen prey types were found in the stomach of 18 L. 
xanthurus larvae collected from Lagunade Tampamachoco 
in February 1988 at 1900 hrs. Larvae ranged in length from 
9.10 to 12.90mm SLandfedprimarilyuponcopepods(IRl 
= 29.9%). The second most abundant prey items were 
appendicularians, which had an W of 16.7% (Table 1). 
The width of the ingested copepods rangedbetween 90 and 
400 pm ( 'x =180; SD=54) and the mean number of 
copepods per fish was 11 (Table 2). In general, the number 
of copepods ingested per fish was inversely proportional to 
the size of the prey. Kjelson et aL (1975) found that 99% of 
the food consumed by this species in the Newport River 
Estuary, North Carolina, were copepods, the remaining 1% 
was comprised of diatoms, amphipods, ostracods, barnacle 
larvae and crab zoea. Govoni and Chester (1990), working 
in the vicinity of the Mississippi River plume, found that 
flexion-postflexion L. xanthurus also eats a great diversity 
of prey items (11-15). 
In the present study a total of 23 digestive tracts from 
6.65 to 12.20 mm SL M. undulatus larvae were analyzed. 
Larvae were collected from Laguna Madre in December 
1989 and February 1990 at 14 10 and 1230 hrs, respectively. 
Similarly to L. xanthurus, this species fed primarily upon 
copepods @U = 44.7 to 67.0%), although the number prey 
types (6) was much lower for M. undulatus than for L. 
xunfhurus (Table 3). Govoni et al. (1983) found high 
percentages of copepodites and copepods in larvae of both 
species in the northern Gulf of Mexico. These authors 
found that pteropods (Limacina trochijormis) and copepod 
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TABLE 1 
Indes of relative importance 0 of food item for larval L&s&" xuntkwus in Laguna de Tampamachoco, Veracruz and Laguna Madre, 
Tamaulipas, Mexico. N = number of food items, FO = frequency of occurrence, n = number of larvae examined, d = number of larvae with empty guts. 
~~ ~~ ~~~~~ ~~ 
Laguna de Tampamachow 
Laguna Madre, Station 8 Laguna Madre, Station 7 Laguna Madre, Station 2 Station 16 
(December-1989) (December-1989) (February- 1990) (February-1 988) 
Diet Range: 9.21-12.22 mm SL Range: 8.50-11.40 mm SL Range: 9.95-12.10 mm SL Range: 9.10-12.90 mm SL 
Items (n=ll, n W )  (n= 1 2, n'=2) (n= 1 2, n ' 4 )  (n=l8, n W )  
N FO IRI N FO IRJ N FO IRI N FO IRI 
CoPepOds 
Appendicularia 
Barnacle nauplii 
Pelecypods ( J w d e s )  
e Pseudodiaptomus 
pelagicus 
Detonula sp 
Zoea 
Crustacean nauplii 
Crustaceans 
Tnvertebrate eggs 
Invertebrate clutch 
Barnacle cypris 
bPhipods 
Chaetognaths 
. Naviculasp 
293 
3 
5 
2 
1 
2 
15 
1 
1 
11 
3 
2 
2 
1 
1 
4 
1 
1 
56.7 166 
8.4 
5.9 1 
5.6 
2.8 
2.9 
1 
12.2 
2.8 
2.8 
9 90.7 55 12 37.5 200 16 
26 14 
1 1 2.7 20 10 
1 4.7 12 8 
29.9 
16.7 
12.0 
9.4 
5 3 8.3 9 6 
9 6 
1 4.7 5 5 
189 9 46.2 16 3 
2 2 
2 2 
2 2 5.4 1 1 
1 1 
1 1 
5.7 
4.2 
2.3 
2.3 
1.1 
1.1 
1.1 
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nauplii were important in the diet ofL. xanthurus, whereas 
eggs of invertebrates constituted a high percentage of the 
diet of M. undulatus. 
Larvae of B. chrysoura and C. nebulosus used for 
feeding analyses were collected in September 1989 at 13 10 
hrs in Laguna Madre. Nineteen digestive tracts of B. 
chrysoura larvae between 1.17 and 1.92 mm SL contained 
@U=21.7-22.9%).Larvaesmallerthan 1SmmSLalsoate 
gastropods and eggs of invertebrates, whereas gastropods 
were substituted by copepods in larvae between 1.52 and 
1.92 mm (Table 4). Chao and Musick (1977) found that 
specimens smaller than 40 mm SL fed mostly on copepods 
and changed to Neomysis americana, amphipods and other 
crustaceans as they grew. 
Nineteen C. nebulosus larvae measuring 1.5 to 1.95 
mm SL were found to eat mainly pelecypods @U=42.8%), 
whereas for sizes from 2.00 to 2.42 mm SL the proportion 
of prey changed with copepods being more abundant 
(IRI=34.2%) (Table 5). Rearedlarvae olderthaneightdays 
consumed a greater dry weight of copepods than rotifers 
(Taniguchi 1981). l%is greater proportion of copepods was 
observed by Houde and Lovdal (1984) for larvae of this 
species collected in Biscayne Bay, Florida. They found that 
80.9% of thefoodconsistedofcopepodnauplii, copepodites 
and adult copepods, with pelecypods making up a very 
small portion of the diet. In addition, McMichael and 
Peters (1989) found that copepods were the dominant prey 
in larvae of this species collected in Tampa Bay, Florida. 
Apparently larvae of this species smaller than 2.0 mm feed 
on prey types with low motility (pelecypods), as was also 
observedinlaboratorycultured specimens(Taniguchi 1981). 
The diet of C. nebuloms and B. chrysoura larvae did 
not include phytoplankton and they are consequently 
considered carnivorous. Incontrast, the diet ofL. xanthurus 
included diatoms (Navicula sp and Detonula sp), although 
these prey items were small and were found infrequently 
(Table 1). No phytoplankters were observed in the guts of 
M. undulatus in our study, whereas Govoni et al. (1983) 
reported the dinoflagellates (Dinophysis spp. and D. 
caudatum) in the youngest stages of this species. 
Diet overlap was analyzed for theM. undulatus and L. 
xanthurus larvae collected in Laguna Madre in December. 
A high degree of diet overlap was found with 73.2%, which 
increased to 83.0% in February. Govoni et al. (1986) 
considers that fish larvae eat prey suitable for mechanical 
ingestion only; therefore food selection is restricted by prey 
size as well as by the perception and catching ability of the 
larvae. There was no significant difference between mouth 
size of M. undulatus and L. xanthurus (t-test, p > 0.0 1). 
This could be the main reason for the great diet overlap 
between these two species. 
mainty~lecypods~~54.2-59.2%)~dcrustaceannauplii 
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TABLE 3 
Index of relative importance 0 of food items for larval Micropogonius undulaftrs Laguna Madre, 
Tamaulipas, Mexico. N= number of food items, FO = frequency of occurrence, n = number of larvae examined, 
n' = number of larvae with empty guts. 
Laguna Madre, Station 7 
(December- 1 989) 
Diet Range: 9.80-12.20 mm SL 
Items (n=12, n'=7) 
N FO IRI 
L a p a  Madre, Station 2 
(February- 1 990) 
Range: 6.65-10.67 mm SL 
(n=l1 n'=l) 
N FO IRI 
Barnacle nauplii 
Crustacean nauplii 2 2 22.0 
Crustaceans 
Xnvertebrate eggs 
Amphipods 1 1 11.0 
3 3 13.5 
1 1 4.5 
39 3 37.3 
TABLE 4 
Index of relative importance 
Mexico. N = number of food items, FO = frequency of occurrence, n = number of larvae examined, n' = 
number of larvae with empty guts. 
of food items for larval Baitdielia chrysoura in Laguna Madre, Tamaulipas, 
Laguna Madre, Station 9 Laguna Madre, Station 9 
Diet Range: 1.17-1.47 mm SL Range: 1.52-1.92 mm SL 
Items ( ~ 1 2 ,  n'=O) (n=7, n ' q )  
(September-1 989) (September-1989) 
N FO IRI N FO IRI 
copepods 4 2 12.1 
Pelecypods (juveniles) 66 10 59.2 40 6 54.2 
Crustacean nauplii 8 6 21.7 6 4 22.9 
Gasteropods 1 1 3.5 
Invertebrate eggs 8 4 15.6 2 2 10.8 
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TABLE 5 
Index of relative importance 0 of food items for larval C’nosciOn nebulosus in Laguna Madre, Tamadpas, 
Mexico. N = number of food items, FO = frequency of occurrence, n = number of larvae examined, n’ = number 
of larvae with empty guts. 
Diet 
Items 
Laguna Madre, Station 9 
Range: 1.50-1.95 mm SL 
Lapha Madre, Station 9 
Range: 2.00-2.42 mm SL 
(September-1989) (September-1 989) 
(n=10, n‘=l j (n=9 n ‘ 4 )  
N FO IRI N FO IRI 
Copepods 4 4 15.9 22 8 34.5 
Pelecypods (juveniles) 31 7 42.8 17 5 23.2 
Crustacean nauplii 16 7 33.4 11 9 32.0 
Tintinnids 1 1 4.0 
Invertebrate eggs 1 1 4.0 3 3 10.3 
Anaverlapindietof 62.3%wasrecordedin September 
in the northern inlet of the study area (station 9) for C. 
nebulosus larvae measuringf” 1.50 to 1.95 and 2.00 to 
2.42 mm SL. The intraspecific diet overlap increased to 
90.4% for B. chrysoura larvae from 1.17 to 1.47 and 1.52 
to 1.92 mm SL. The percentage of overlap between C. 
nebulosus(l.50 to 1.95 mmSL)andB. chrysoura(l.17to 
1.47 and 1.52 to 1.92 mm SL) during September was 70.0 
and 79.5%; however, the degree of overlapbetween larvae 
of C. nebulosus (2.00 to 2.42 mm SL) andboth size ranges 
of B. chrysoura was lower (47.4 and 55.2%) (Table 6). 
This reduction may have been caused by an increase in 
length and consequently increase in mouth size of C. 
nebulosus compared to B. chrysoura (Table 7). It is 
evident that as C. nebulosus increased in size, copepods 
replaced pelecypods as the primary prey item (Table 5). 
The diets of L. xanthurus and M. undulatus clearly 
overlapped due to two reasons: they are recruited into 
lagoons at the same time of theyear (December-February) 
and they both have the same mouth size. On the other 
hand, although C. nebulosus and B. chrysoura coexist in 
space and time, they had a lower diet overlap that could be 
caused by a larger size mouth of C. nebulosus (t-test, p < 
0.01). The diffikrent degrees offood prefeRncesis reflected 
ina decreaseofthediet overlapthat is inversely pmprtional 
to the size. 
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TABLE 6 
Species SL HL RMS 
("1 ("1 n Range 5t SD 
Dietary overlap measured by Schoener's index for C'oscwn nebuhsus and B&&h chrysoura September-1990, Laguna Madre, Tamadipaa, Mexico. 
D 
Range R SD 
C. ne bulosus C. nebulosus B. chrysoura B. chrysoura 
1 SO-1.95 2.00-2.42 1.17-1.47 1.52-1.92 
Bairdieila chrysoura 1.17-1.92 0.35-0.67 19 0.05-0.16 0.09 0.04 
Micropogonias unduiatus 6.65-12.20 2.07-3.70 23 0.37-1.20 0.79 0.22 
Leiostomus xanthurus 8.50-1 2.22 2.50-3.80 35 0.48-0.88 0.69 0.12 
C. nebulosus 
1 SO- 1.95 
0.20-0.45 0.29 0.09 
1.29-3.1 1 2.24 0.49 
1.72-2.67 2.12 0.24 
C. nebulosus 
2.00-2.42 
B. chrysoum 
1.17-1.47 
B. chiysoura 
1.52-1.92 
100.0 62.3 
100.0 
70.0 
47.4 
100.0 
79.5 
55.2 
90.4 
100.0 
f 
i 
TABLE 7 
Relative size of the mouth of larval sciaenids in Laguna Madre, Tamaulipas, Mexico. SL = standard length, HL = head length, n = number of larvae, 
R M S  = relative mouth size (Chao and Musick 1979, D = mouth size of fish (Shimta 1970), SD = standard deviation. 
Cynoscion nebulosus 1 SO-2.52 0.42-0.90 21 0.07-0.18 0.13 0.03 (1 0.28-0.64 0.41 0.08 
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